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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid jet head 
having a novel structure with a superior controllability 
for discharge liquid drops by utilizing surface acoustic 
waves, and its driving method. 

SOLUTION: Two sheets of piezoelectric substrates 1 
having a thickness of approximately a wavelength of the 
surface acoustic waves are overlapped, thereby forming 
nozzles 4. At the same time, comb type and crossing 
finger- shaped electrodes (IDTs 2 or UDTs 12) are 
arranged on a face of each piezoelectric substrate 1 
opposite to the nozzles 4. The electrodes (IDTs 2 or 
UDTs 1 2) are burst driven by applying the same driving 
waveform. As a result, surface acoustic waves are 
generated to wall faces which form the nozzles 4, and a 
liquid in the nozzles 4 is discharged as liquid drops from 
leading end parts. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the. use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The fluid injection head characterized by arranging a surface acoustic-waves 
generating means to the field of the opposite side of. this piezo electric crystal substrate 
in the fluid injection head which makes a drop breathe out with surface acoustic waves 
while forming a liquid flow channel according to the whole surface of a piezo electric 
crystal substrate. 

[Claim 2] The fluid injection head characterized by arranging a surface acoustic waves 
generating means, respectively to the liquid flow channel of said piezo electric crystal 
substrate, and the field of the opposite side while piling up two piezo electric crystal 
substrates and forming a liquid flow channel between them in the fluid injection head 
which makes a drop breathe out with surface acoustic waves. 

[Claim 3] The fluid injection head according to claim 1 or 2 characterized by making 
thickness of said piezo electric crystal substrate into wavelength extent of surface 
acoustic waves. 

[Claim 4] A fluid injection head given in claim 1 which abbreviation's is in the 
stationary wave conditions of the liquid which the crossover width of face of the 
electrode which constitutes said surface-acoustic-waves generating means makes 
breathe out by carrying out, and is characterized by things thru/or any 1 term of 3. 
[Claim 5] A fluid injection head given in claim 1 which abbreviation's is in the 
stationary wave conditions of the liquid which the delivery height of said liquid flow 
channel makes breathe out by carrying out, and is characterized by things thru/or any 1 
term of 4. 

[Claim 6] A fluid injection head given in claim 1 to which said surface-acoustic-waves 
generating means is characterized by the tandem t5n?e crossover finger-like electrode 
(IDT) or on the other hand being a tropism tandem type crossover finger hke electrode 
(UDT) thru/or any 1 term of 5. 
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[Claim 7] A fluid injection head given in claim 1 characterized by for two or more said 
surface-acoustic-waves generating means standing in a row, and forming them thru/or 
any 1 term of 6. 

[Claim 8] A fluid injection head given in claim 1 characterized by having the liquid 
service tank wearing device, the regurgitation nozzle selection means, and the driving 
means thru/or any 1 term of 7. 

[Claim 9] The drive approach of the fluid injection head characterized by the 
displacement rate of the oil level of the dehvery of said liquid flow channel terminating 
a burst drive for the surface-acoustic-waves generating means arranged to the field of 
the opposite side of the piezo electric crystal substrate which forms a liquid flow channel 
. while the force is acting on a liquid discharge direction to this oil level at the maxim imi 
in a fluid injection head given in claim 1 thru/or any 1 term of 7. 

[Claim 10] The drive approach of the fluid injection head characterized by arranging a 
surface-acoustic waves generating means, respectively to the field of the opposite side of 
two piezo electric crystal substrates which form a liquid flow channel in the fluid 
injection head which makes a drop breathe out from a liquid flow channel with the 
svirface acoustic waves generated by driving a surface-acoustic-waves generating means, 
and impressing the respectively same drive wave to both the surface acoustic waves 
generating means. . 

[Claim 11] The drive approach of a fluid injection head according to claim 10 that said 
surface-acoustic waves generating means is characterized by the tandem-type crossover 
finger-like electrode (IDT) or on the otJier hand being a tropism tandem-type crossover 
finger-like electrode (UDT). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fluid injection head which makes a 
drop breathe out using the surface acoustic waves generated with a tandem-type 
crossover finger like electrode, and its drive approach. 
[0002] 

[Description of the Prior Art] The piezo-electric (piezo) methodi of the conventional fluid 
injection approach which makes a drop breathe out is the most common by giving heat 
rapidly by making the piezoelectric device attached to the heater drive method which 
makes the phase transition of a liquid cause and makes a drop breathe out by the 
blowing pressure force, and the pressurized room containing a hquid deform. Each of 
these methods is a large number, and throws highly minute -ization of printing image 
quality, and if it is going to arrange a detailed nozzle to high density by the fluid 
injection head, since very precise forming technique and a process technique will be 
required, they is throwing the problem greatly at improvement in the speed in recent 
years, moreover, the case of a piezo-electric method per impression unit electrical 
potential difference/- ************ ^ big variation rate since an ingredient 

which can reahze an amount is desired, it is required to use the piezoelectric material of 
a PZT system, but since the piezoelectric material of this PZT system is an ingredient 
containing lead, an environment- visual field to that use is not desirable. 
[0003] The technique (the Institute of Electronics, Information and Communication 
Engineers technical report, US 89-51, P41-46) which used the streaming phenomenon of 
surface acoustic waves (SAW^Surface Acoustic Wave) by Mr. Shiokawa etc. is proposed 
to such a problem, and the fluid injector which used further the surface acoustic waves 
SAW generated with a tandem-type crossover finger-hke electrode also in 
JP,06 064173,A, JP,10-034909,A, etc. is proposed. In the fluid injection head using this 



kind of surface acoustic waves, it is constituted so that a liquid may be made to breathe 
out using the surface acoustic waves generated in the same field as the field which has 
arranged the tandem-type crossover finger-like electrode (IDT-Inter digital Transducer) 
on the, front face of a piezo electric crystal substrate, and has generally arranged this 
tandem-type crossover finger-hke electrode. 
[0004] 

[ProblemCs) to be Solved by the Invention] However, it sets on the fluid injection head 
using surface acoustic waves. Since it is common to make a liquid breathe out using the 
surface acoustic waves generated in the same field as the field where thickness has 
arranged the tandem-type crossover finger-like electrode QDT) on the front face of a 
piezo electric crystal substrate thick enough, and has arranged this tandem -type 
crossover finger electrode. It was also difficult to pull out to the driver circuit side which 
we have to arrange [ driver circuit ] an electrode in a liquid flow channel (nozzle), and 
are [ driver circuit ] anxious about an electrochemical reaction from contact of liquids, 
such as an electrode and ink, and makes an electrode drive. Therefore, a point 
inadequate for the configuration of heads, such as problems, Uquid supply systems, etc. 
of a controllability of a drop, such as size of a drop and its discharge direction, is seen, 
and this kind of fluid injection heads [ no ] have resulted in commercial production. 
[0005] Moreover, from the environment-view of the lead ingredient similarly contained 
in a piezo electric crystal in the fluid injection head of the conventional piezo-electric 
method, with the quality of the material which does not contain lead, even if there are 
few amounts of displacement, the fluid injection head equipped with the structure 
where a liquid can be made to fully breathe out is demanded. 

[0006] Then, this invention is made in view of the unsolved technical problem which the 
conventional technique mentioned above has, and aims at offering the fluid injection 
head equipped with the new structure which was excellent in the controllability of a 
discharged liquid drop using surface acoustic waves, and its drive approach. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
fluid injection head of . this invention is characterized by arranging a 
surface acoustic-waves generating means to the field of the opposite side of this piezo 
electric crystal substrate in the fluid injection head which makes a drop breathe out 
with surface acoustic waves while forming a liquid flow channel according to the whole 
surface of a piezo electric crystal substrate. 

[0008] Moreover, the fluid injection head of this invention is characterized by arranging 
a surface-acoustic-waves generating means, respectively to the liquid flow channel of 



said piezo electric crystal substrate, and the field of the opposite side while it piles up 
two piezo electric crystal substrates and forms a liquid flow channel between them in 
the fluid injection head which makes a drop breathe out with surface acoustic waves. 
[0009] In the fluid injection head of this invention, it is desirable to make thickness of 
said piezo electric crystal substrate into wavelength extent of surface acoustic waves. 
[0010] the stationary wave conditions of the liquid which the crossover width of face of 
the electrode which constitutes said surface acoustic -waves generating means makes 
breathe out in the fluid injection head of this invention abbreviation - the stationary 
wave conditions of the liquid which an equal thing is desirable and the delivery height 
of said liquid flow channel makes breathe out further ■ abbreviation - an equal thing is 
desirable. 

[OOll] In the fluid injection head of this invention, said surface -acoustic- waves 
generating means of a tandem-type crossover finger-like electrode (IDT) or on the other 
hand it being a tropism tandem-type crossover finger-like electrode (UDT) is desirable. 
[0012] In the fluid injection head of this invention, it is desirable that two or more said 
surface-acoustic-waves generating means stand in a row, and are formed, and it is 
desirable to have the liquid service tank wearing device, the regurgitation nozzle 
selection means, and the driving means. 

[0013] Furthermore, in the fluid injection head mentioned above, the displacement rate 
of the oil level of the delivery of said liquid flow channel is max, and the drive approach 
of the fluid injection head of this invention is characterized by terminating a burst drive 
at the surface-acoustic-waves generating means arranged to the field of the opposite 
side of the piezo electric crystal substrate which forms a liquid flow channel, while the 
force is acting on a liquid discharge direction to this oil level. 

[0014] The drive approach of the fluid injection head of this invention arranges a 
surface-acoustic-waves generating means, respectively to the field of the opposite side of 
two piezo electric crystal substrates which form a liquid flow channel in the fluid 
injection head which makes a drop breathe out from a liquid flow channel with the 
surface acoustic waves generated by driving a siirface -acoustic- waves generating means, 
and is characterized by impressing the respectively same drive wave to both the 
surface -acoustic waves generating means. 
[0015] 

[Function] By making thin to wavelength extent of surface acoustic waves thickness of 
the piezo electric crystal substrate which forms IDT or UDT which generates surface 
acoustic waves according to the fluid injection head of this invention By using that 
surface acoustic waves can be excited also for the rear-face side of the field which has 
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arranged IDT or UDT While it cannot need to arrange an electrode in a liquid flow 
channel, but the controllability of a drop can be raised while raising the stability of an 
electrode, and being able to consider as a liquid supply system and the device in which 
perfect practical use of a head configuration is possible With the head of the 
conventional method, the head in which formation of a full multi-nozzle like A4 size 
width of face which cannot be made is also possible is offered. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained based on a drawing. 

[0017] Drawing 1 is a partial perspective view which illustrates roughly the 
configuration .of one example of the fluid injection head of this invention, (a) of drawing 
2 is the mimetic diagram showing the polar zone as a surface-acoustic*waves generating 
means in this example, and ** (b) is drawing showing an example of a drive wave 
impressed to the polar zone of a surface-acoustic-waves generating means. 
[0018] It is the piezo electric crystal substrate with which, as for 1, the tandem tj^e 
crossover finger-like electrode GDT^Inter-digital Transducer) 2 as a 
sxjtrface acoustic-waves generating means was fornied in the whole surface in drawing 1 . 
Phase opposite of the field in which IDT2 is not formed in these two piezo electric 
crystal substrates 1 is carried out. To the so-called confirontatipn Superposition, It is 
constituted so that the nozzle 4 which serves as a liquid flow channel through the rib 3 
which has set and arranged predetermined spacing may be formed among both, and 
both up and down IDT(s)2 are arranged so that each location may lap mutually, and 
each nozzle 4 is arranged so that it may correspond to IDT2, respectively. Although two 
IDT(s)2 are illustrated to the up and down piezo electric crystal substrate 1 in drawing 
1 , respectively, on the piezo electric crystal substrate 1, a large number are arranged 
crosswise in parallel, respectively, and they are formed. This IDT2 can generate surface 
acoustic waves, and as shown in (a) of drawing 2 , it is created by the whole surface of 
the piezo electric crystal substrate 1 according to a photolithography process according 
to the design point of the usual IDT electrode. This is a general technique as shown in 
"surface acoustic wave engineering" (Institute of Electronics and Communication 
Engineers, ******** editorial supervision) p57 - "ultrasonic spectroscopy (application 
section)" (Baifukan) p58- etc. Moreover, wire bonding of the edge of each electrode of 
IDT2 is carried out to the printed circuit board 6 equipped with the regurgitation nozzle 
selection means and the driving means as shown in (a) of drawing 2 by the wire 6, a 
drive wave is impressed through a printed circuit board 5 from the exterior, and IDT2 
generates surface acoustic waves. In addition, IDT2 can be formed so that it may 



optimize according to the quality of the material of a piezo electric crystal substrate, 
propagation velocity, an excitation frequency of surface acoustic waves, etc. 
[0019] Moreover, in the fluid injection head of this invention, it notes being able to excite 
sufficient surface acoustic waves also for the rear-face side of the field in which IDT2 
was formed by making thickness of the piezo electric crystal substrate 1 thin to 
wavelength extent of surface acoustic waves. For example, it is the 128-degree rotation 
Y cut X propagation LiNb03 as a piezo electric crystal substrate 1. By making thickness 
of the piezo electric crystal substrate 1 thin to wavelength extent of surface acoustic 
waves, forming 1DT2 in that whole surface using a single crystal, and driving this IDT2, 
with the field in which IDT2 of the piezo electric crystal substrate 1 was formed, surface 
acoustic waves arise also at the rear face (namely, wall surface which forms a nozzle 4) 
of the opposite side, and these surface acoustic waves are used. 
[0020] Thus,, the fluid injection head constituted is producible as follows. 
[0021] IDT2 ((a) of drawing 2 ) is created accordiag to the design point of the usual IDT 
electrode according to a photolithography process on the whole surface of the piezo 
electric crystal substrate 1. While producing such two piezo electric crystal substrates 1, 
a rib 3 is attached two or more picking so that the deposit of the adhesives may be 
carried out to the field (namely, field which forms the wall surface of a nozzle) which 
does not form 1DT2 of the piezo electric crystal substrate 1 by screen- stencil and it may 
become predetermined height. And it is made to paste up and harden, after carrying out 
alignment so that the field which does not form 1DT2 of two piezo electric crystal 
substrates 1 may be made to coimter, and it may arrange back to back and the 
up-and-down location of IDT2 may lap mutually. By this, the field which does not form 
IDT2 of both the up-and-down piezo electric crystal substrate 1 turns into a wall surface 
which forms a nozzle 4, and the height of a nozzle 4 is prescribed by the height of a rib 3. 
Thus, as shown in drawing 4 , the cartridge holder 8 is pasted up on both the joined 
up-and-down piezo electric crystal substrate 1 so that adhesives may not close a liquid 
feeder current way. The printed circuit board 5 by which wire bonding was carried out to 
IDT2 is attached in the whole surface of the cartridge holder 8. In addition, although 
one printed circuit board 5 is illustrated to drawing 4 , the printed circuit board by 
which wire bonding was carried out to IDT formed also in the rear-face side at the piezo 
electric crystal substrate of another side is arranged similarly. It equips with the liquid 
service tank 9 filled up with the liquid behind the cartridge holder 8, and a liquid is 
supplied to a nozzle 4 from this liquid service tank 9. Moreover, two or more 

■ 

juxtaposition of IDT and the nozzle 4 is carried out, and the equipment illustrated to 
drawing 4 constitutes the full multi-nozzle type. Thus, a drive wave is impressed to 



IDT2 through the printed circmt board 5 equipped with the regurgitation nozzle 
selection means and the driving means from the connector 10, and the fluid injection 
head produced is constituted so that the regurgitation of a drop may be performed from 
a nozzle 4. 

[0022] Next, in the fluid injection head constituted as mentioned above, IDT and its 

J' 

drive gestalt as a surface-acoustic-waves generating means formed in the piezo electric 
crystal substrate are explained with reference to drawing 2 . 

[0023] The drive of IDT2 impresses drive waves (the example of a sine wave form is 
shown in (b) of drawing 2 ), such as a square wave and a sine wave, through a printed 
circuit board 5, and carries out a burst drive. Here, it is the 128-degree rotation Y cut X 
propagation LiNb03 as a piezo electric crystal substrate 1. If a single crystal is used, 
the rates (v) of the surface acoustic waves of this ingredient are about 4000 m/sec, and 
when setting drive frequency to 20MHz, the configuration conditions of. this example 
will become settled uniquely. Namely, as for lambda/2 of values, an electrode pitch is set 
to 100 micrometers in 100 micrometers, crossover width of face of 100 micrometers of an 
electrode, and nozzle height noting that the thickness of the piezo electric crystal 
substrate 1 changes a frequency when 0.2mm (=lambda) and the stationary wave 
conditions of a liquid change a medium to a liquid from a piezo electric crystal substrate, 
and it does not change' wavelength. In addition, electrode material is taken as 
aluminum. 

< 

[0024] Moreover, if, as for the plane of vibration in a hquid, surface acoustic waves reach 
vibration once 4000 (v/vl =) / when it vibrates 1500= 2.66 times, acoustic velocity (vl) of 
a liquid is made into 1500 m/sec and excitation will end the rate of a variation rate by 
this integral multiple at this time since it is max, a drop will begin to be most thrown up 
at this time. Therefore, in (b) of drawing 2 , the example driven 2.5 coimts of a burst by 
amplitude lOV is shown, using drive firequency as 20MHz, Thus, in case a burst drive is 
carried out, the count of the burst and the height of the amplitude set up conditions 
which serve as sufficiently big force so that a drop can fly at the rate which overcomes to 
the surface tension of a liquid after taking into consideration the wettability of the 
nozzle component to the magnitude of a nozzle, and exists further. 

[0025] Moreover, it is the acoustic velocity of v and a liquid about the rate of surface 
acoustic waves vl If it carries out, since, as for the radiation angle theta of an 
underwater longitudinal wave, it turns out that it is expressed with theta=sin - 1 (vl / v), 
when a same waveform is impressed to each IDT2 arranged by two sheet confrontation 
in this on the outside of a liquid flow channel, the directivity of the drop regurgitation 
can be raised as a result of vector composition of an underwater longitudinal wave. 



Furthermore, since surface acoustic waves stand only on the crossover width of face of 
the electrode which constitutes IDT, they contribute to the controllability of a drop by 
considering as an equal mostly at the stationary wave conditions of a liquid of making 
the integral multiple of sonic wavelength (equal to wavelength of surface acoustic 
waves) lambda / 2 of a liquid which makes the crossover width of face of the electrode 
which constitutes IDT breathing out spreading namely, breathing out abbreviation etc. 
Moreover, the stationary wave of the Uquid made to breathe out can be made from 
making it almost equal to lambda/2 [ which makes the height of a nozzle 4 (delivery) 
breathe out ] of the integral multiples of the* sonic wavelength of a liquid, and it 
contributes to the controllability of a drop. In addition, since surface acoustic waves 
stand only on the crossover width of face of the electrode of IDT2 about the rib 3 which 
specifies the width of face of a nozzle 4, it is not necessary to necessarily prepare for 
every nozzle. However, it may prepare for every nozzle and a rib may be made into the 
width of face of stationary wave conditions. 

[0026] Moreover, although he is trying to drive to coincidence IDT2 of two piezo electric 
crystal substrates 1 which form a nozzle 4 formed in the outside field, respectively in the 
example mentioned above, it is possible also by driving only IDT2 on one piezo electric 
crystal substrate 1 to make a drop breathe out. However, there is a field which is a little 
inferior in the directivity of a drop. 

[0027] Next, other examples of the fluid injection head of this invention are explained 
with reference to drawing 3 . In this example, it is the same as that of the example 
which mentioned another configuration and other conditions above unUke the example 
which the surface-acousticwaves generating means mentioned above. 
[0028]. (a) of drawing 3 is the mirnetic diagram showing other polar zone as a 
surface acoustic waves generating means in the fluid injection head of this invention, 
and ** (b) is drawing showing an example of a drive wave impressed to the polar zone of 
a surface -acoustic- waves generating means. 

[0029] In this example, surface acoustic waves can be excited only to an one direction so 
that this UDT12 may prevent [ which is illustrated to (a) of drawing 3 ] loss of the 
bidirection of IDT as a surface-acoustic-waves generating means using the tropism 
tandem-type crossover finger-like electrode (UDT-Uni-Directional Transducer) 12 on the 
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other hand, loss of surface acoustic waves can be suppressed to the minimum, and the 
controllability of a drop can be raised. 

[0030] Creation of UDT12 is created by the whole surface of the piezo electric crystal 
substrate 1 according to a photolithography process like IDT2 mentioned above 
according to the design point of the usual UDT electrode, and UDT12 can be formed so 



that it may optimize according to the quahty of the material of a piezo electric crystal 
substrate, propagation velocity, an excitation frequency of surface acoustic waves, etc. 
UDT12 is the three-phase alternating current, and it can drive by the square wave or 
the sine wave (a sine wave form is shown in (b) of drawing 3 ), and it can be made to 
breathe out with sufficient control of a drop like the example mentioned above by 
performing 2,5 burst drives by amplitude lOV, using drive frequency as 20MHz so that 
surface acoustic waves may advance in the direction of a nozzle. 
[0031] 

[Effect of the Invention] By making thin to wavelength extent of surface acoustic waves 
thickness of the piezo electric crystal substrate which forms IDT which generates 
surface acoustic waves, or UDT according to this invention, as explained above By using 
that surface acoustic waves can be excited also for the rear-face side of the field which 
has arranged IDT or UDT While it cannot need to arrange an electrode in a liquid flow 
channel, but the controllability of a drop can be raised while raising the stability of an 
electrode, and being able to consider as a liquid supply system and the device in which 
perfect practical use of a head configuration is possible With the head of the 
conventional method, the head in which formation of a full multi-nozzle hke A4 size 
width of face which cannot be made is also possible can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l1 It is the partial perspective view which illustrates roughly the 
configuration of one example of the fluid injection head of this invention. 
[Drawing 21 (a) is the mimetic diagram showing the polar zone as a 
surface-acoustic waves generating means in one example of the fluid injection head of 
this invention, and (b) is drawing showing an example of a drive wave impressed to the 
polar zone of a surface-acoustic waves generating means. 

[Drawing 3l (a) is the mimetic diagram showing other polar zone as a 
surface-acoustic-waves generating means in the fluid injection head of this invention, 
and (b) is drawing showing an example of a drive wave impressed to the polar zone of a 
surface -acoustic -waves generating means. 

[Drawing 41 It is the rough perspective view showing the condition of having equipped 
the fluid injection head of this invention with the Uquid service tank. 
[Description of Notations] 

1 Piezo Electric Crystal Substrate 

2 IDT (Tandem -Tjnpe Crossover Finger-like Electrode) 

3 Rib 

4 Nozzle 

5 Printed Circuit Board 

6 Wire 

8 Cartridge Holder 

9 Liquid Service Tank 

> 

10 Connector 

12 UDT (on the Other Hand Tropism Tandem-TVpe Crossover Finger-like Electrode) 
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[0005] tjie5l5(?3JE^:^S:(0^ft:itlt-^ s/ KtC 
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[00061 ^ :i t?. *^e^f4. HUi& L.fci*5l5a$ff<0# 

■ r i: ^ @ W i: -r S t. CO T-fc 5. 
1000 7] 

[0008] Sfc. K»i. 

[0009] *:^H^<0)gi*fft*t^-;' K(c*3l^T(i. buIE 
[0 0 1 0} ^^m(om^<&^^-y Klc*jv^T(i, tulE 

[0 0 1 1 1 *^fl^cO?gf*:iSlt^s/ K(-*5V^T. HUfE« 
ffi#tt)KB^#SdS1f®3£^jt4^tm® (IDT) 
-:^[^iH4ttif®^Mm4^t«® (UDT) -efc5ri:;6S»* 

10 0 12] ;i^^?^<ofiS«i:i«lt'->s/ K^c:*^^^T. ttilE^ 

J: umwi^mim^xi> ^^zt A^tti-^ -ut \ 

[0013] $ felc, ;*:^BJWfS^"«W'^s/ KroieSJi*' 

x\ ^mm^)^vxm^m:f3^K:hi^i¥^\^x\^-'^ 

[0014] Kco|giJb:^)£Jls * 

■ttiSf J; o T jS«t K*^ h Wim * ?t ffl $ 5 s' 



(3) 

[0 0 1 5 1 

I DT4fcttUDTSr?i^lg,-t-5JBEm^S« 

(Dm ^ Sr*ffi3*ttiK«j|gftm^(c» <i-5::i:{;iJ;«j, 

I DTSfc:(4UDT§riaBLfcffi(^aMiJ(ct>«ffi»'t4 
[0 0 1 6] 

[0017] III H4. *^B^(OfK^iSlt^s/ KW— HJi 
20 roimaj$r/T%i-m^[llT'fot), Is) (b) («ffi#'t4fe^ 

[0018] SI tC^oV^T. 1 fi. 
UTOttiSl^JSMJaibta^S (IDT: Inter -digital 
Transducer) 2 ti^—m\Z.M^^McS,m.^W&LX*'h 9 > 
:iix^c7)2*jccO|Em#^S«l ^ I DT 2^^ff0^$tbTl^ 

\z.mm.^ti. #yx/v4fi I DT 2{c-^ti.^**x>^ij^-r^ 

#^t>OT*fc9. El 2 CD (a) \Z7T^'tX.o\^. JSEmi*^^ 
(OffigiSfi. El 2 CO (a) tC^-rJ:5t-> Pitti/XVl-iltR 

J: u^iBib*^ ;i :/ y >' h a« 5 y ir - 
ffi#tt&S:^4$it5c 5^J^4B. IDT2H. JEmflsK« 
so [0 0 1 9] :^^m<omW^^^^y Y\z^h^X 



t# §3 2002-1 78508 (P2002-178508A) 



5 

"r5:itJ-ct.9. I DT 2 SrJi^^Lfcffic>affiffiiJt::t)+ 
5c i^llxitf. JE«flsStRl i LT. 12 8" [HlteYtgX 

esLiNbOa (om^^-^m^i^. wMJ^ws^\(r>w^ 

2S:ff0^UT. :ico I DT2 4rlEtbi-5r.i:jcJ:f9> BE 
m^*1S 1 <0 I D T 2 SrJi^^ bfcffi t ttS*fffl>J^^*ffi 

[0 0 2 0] z.(D^b\^m^^^^m^^^^vY\t:d^ 

[00 2 1] iEm#:^ =K 1 (r>—m^ I D T 2 (El 2 CO 
(a) ) $::7;^ h y y^^:7^:/nir;^tcJ:oTii1^(0 

^.^i3Emf*:«« 1 S: 2*jcf^^i-5 t ttc. JEmtt^SK 1 
I DT 2 §:Jf^^LTl/^/^V^a (-T^it^fe. / XVkdM 

5o -eUT. 2^jtC0ffm#^S«l CO I DT 2 ^ff^^LT 
I DT 2 (7>>f4«;65St^tcfi/^§ ct 5 ^ hU/c 

«fls:S=ElcO I DT 2Srff^JBEg;UTV^/^V>ffi;65/XVu4 i&r 

jf$^i~5MS^^c^ ^) . /X/v4(Offl$fiy :/3(Oi«$tc 

;(7— h y i/v^2^/W^$^8(0— StCti I DT 2tC!7-ri^— 7J^^ 

vx^f v^$^^fc>^y>'^S^E5^5S^9f^^t^>^^5o ^^.f 

4b\ E14 jcfi:7'y >^ hSK5f±ij@co;^[a^LTv^5 

mtmm^^{^-)5<DmMwmk\^ni^^Mz, i dt^c 

7j»>b/X/V'4lc?ffflcSr«*&i-5o Ill4tc:ia7j^-r5 
i£Bf*. I DTjoJ:t)?y X;U4;65:a^it&?iJ^tb. :7/^-v' 

5S5ft:«tt^:y Kfi. IDT2tCf±, ^ 

St UTCO I DTt•^(0iEii]?^^^|^CoV^TII12$r#BSu 
[0 0 2 31 I D T 2 COlgibfi. ijM&'^lf'^ l^^%(0 

mmm^i (02(0 (b) {zit-^^ >m^(om^^^-r) sr 
rT% mmi^mmi t uti 2 s** iHiteY=Exe»L i 



(4) 

6 

Nb03 cO*^f0$:fflV^Si:, rco^t^^cogffi^ttfec^ 

mS. ( V ) fi^^ 4 0 0 0 s e c r*fc !9 V 

5:2 OMH z irt-5)i: *^JS0iJ<Olf 

^S^o 1 COjf: $ 0 , 2 mm 

V^irLT. X/2(Dm±. «®t:"5/^;65 1 0 0 Mm. m 
18(0^^11® 1 0 0 Mm. /X;l^ii5$ 10 0 /zmt?^i5o 

10 [0 0 2 41 *;rc. JKi^co^iS (vi ) 1 5 0 Om/ 
s e c ii-^i. (v/vi=)4 00 

0/1500 = 2. 6 6[HlSi!jbfcii:#t:i. S^^^T^coS 

EI2 0 (b) lC4oV^T^l. ]^l!)MliKm4r2 OMHz 
t LT. M*i 1 0 VT/^— :x MhI^2. 5lH]|gib-r5M 

i^x^hmh^ h\z^^'&&xmmtmmx'^ ^ iib\z 
[00 2 5] ^fc. sffi^'ttisoss^ V. m^<D^m 

(vi /v) xm^f\.^:zht^*:>f)^^X\i^^(DX^ rtb 
<o I DT2tc|^-JfeJi^SrflWPU;rc;^(;itt. zK^'iKSiKco 

30 <7)^g|H6t-L.^^^z:fc?il^cO-C. I DT<£r«^-rsm<Sco 
mp) (^)iB^ Sro±ab$-t^:5fl^^^(DW3giK*<oA,/2(OS 

x/v4(offiSr*a^-rs y y3^col^xrt. mmwm&i)^ 

[0 0 2 6] ^/c. Btji!iU/ci|l*«?ijT^(i. yX;^4 5r?^ 

jEEmfls:Stg 1 ±<0 I DT 2 (0^$:|g«j-r 6 r t J: oT 

m t4 1 ^ I ^ T 5 ffi ;6 > *> 5 o 
[00 2 71 jSfe(;i. *^P^(0?Kflc«lt-->;/ Y<0{^<DmM 
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[0 0 2 8] E13(D (a) fi. :^%m<Dm^^^^y Y 

' m^mxh^. 1^ (b) (1. mmw^m^±'^^(om.m 

[0 0 2 91 *3lifi^y!l^::^c5^^Ttt. mmWi±&?&±^m, 

®@ (UDT : Uni —Directional Transducer ) 1 2 

[00301 UDT12 (Of^^}i, HuiS U/h I D T 2 i 
oTfP^^tt. UDTl 2f±. ffimfls^S^gOWK. SB 

5t;iff^^i-^r.^;65T-^^o UDTl2f±. ^ffiS^SK 

fL^t.-^ ^ i^w. (laacD (b) i^m^^Tr^-t) X 

MHz t LT. Stil O vr*2. bm<0^<'-::^VmM^ 

So 

[0 0 3 1 1 

I DTfo2>l/M±UDT5rgB«bfjifflcoaffi 

[mi] 




(5) 

[0 2] ( a ) fi;*:%PJ<7)Sgfls:flt|^--. 5. K<D— Hife^iJiC 

T*fc9. (b) fi^ffi#'l4i£^>t^S<^a®^tcPP:&P'f* 

S lg tft ^ ?^ O - ^ .i^ i- El 5 o 
[03] (a) fi*^§^cO?Kft:*lt--^/ KtC^DJtS^ffi 

1 

2 IDT (ttiSM55M««m®) 

3 Dzf 

4 y X/v- 

8 h y ;/ v^/^/V-^^ 

9 mi^W^<^:^^ 

30 10 =3;^^^ ^ 

12 UDT (-;^f^]ttfi5M«^fl4^tm®) 

[04] 
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[1^12] 



[1113] 




5 > f 



(a) 




12 UDT 



5 r u > hms. 



(b) 



■AA/^ — 
-AAA- 
— AOA- 



